There is an increasing number of examples of concentration-dependent responses to signaling in development (reviewed in Lawrence and Struhl, 1996; Neumann and Cohen, 1997) . These include dorsalization of the Drosophila embryo by Decapentaplegic (Dpp) (Ferguson
Results

that much of it remains unbound, as seen in Figures 1C and 1D (lane 2). In order to generate different levels of Preparation and Characterization
receptor occupancy (see below), we have carried out of Labeled Activin our binding assays with very low concentrations of liIn order to determine receptor binding and occupancy gand and over short periods of time. Under these condiof activin receptors, we have generated a labeled activin tions, the availability of ligand is limiting. ligand by mRNA injection of Xenopus oocytes. This has A major concern in cell binding studies is that bound advantages over other methods of labeling proteins (for counts may be due to nonspecific ligand binding to lowexample, by iodination), since the specific activity of our affinity sites. To control for this, we have used unlabeled preparation is very high and the activin is in an unmodicompetitor activin made in the same way as labeled fied form. Xenopus oocytes translate injected mRNA activin, except that no label was added to the medium very efficiently (Gurdon et al., 1971 ) and selectively rein which the oocytes were cultured. The results are lease secreted proteins into the medium (Colman and shown in Figures 1E and 1F . Both uninjected cells (FigMorser, 1979) . We therefore injected 45 ng of mRNA ure 1E) as well as cells injected with increasing doses encoding Xenopus activin ␤B into Xenopus oocytes and of mRNA encoding an activin receptor (ActRIIB) (Macultured these in medium containing [
35 S]methionine thews et al., 1992) ( Figure 1F ) show that at least 85%-and -cysteine . Figure 1A shows 90% of the bound counts are receptor specific. It is the labeled proteins secreted by Xenopus oocytes with important to note that the bound counts are reduced (Figures 1A, lanes 2 and 3) or without ( Figure 1A , lane by half on addition of equal amounts of labeled and 1) prior injection of activin mRNA. The activin secreted unlabeled competitor. We conclude that on both recepby oocytes is predominantly of two forms: a proform tor-injected cells and on normal uninjected cells the ‫04ف(‬ kDa) and a mature dimeric activin (25 kDa) (Figure ligand binding we measure is activin receptor specific. 1A, lane 2), which can be reduced into its constituent
To establish that nearly all labeled activin is bound monomers (Fig. 1A lane 3) . It is only the 25 kDa dimeric to one type of receptor, we have overexpressed the protein that is thought to exhibit biological activity Xenopus activin type IIB and type IIA (Nishimatsu et al., (Husken-Hindi et al., 1994) . We have determined that 1992) receptors by mRNA injection and have compared the [
35 S]activin synthesized in this way has a specific these results to overexpression of the activin type IB activity of ‫01ف‬ 8 cpm/g , and this and type I receptors (ten Dijke et al., 1994) , which signal enables us to detect the binding of activin to cells at but do not bind ligand (Wrana et al., 1994) . As a further the picomolar concentrations to which they respond.
control, we have tested TGF␤RII, which is a ligand binding receptor but which is specific for TGF␤ and not activin. The results are shown in Figure 2A ; overexpresLabeled Activin Binds Specifically sion of ActRIIB and ActRIIA lead to a dose-dependent to Receptor Type II increase in bound counts whereas overexpression of To assay binding we incubate dissociated blastula cells similar doses of ActRIB, ActRI, and TGF␤RII do not. The in labeled activin for 3-30 min. Three washing steps lack of activin binding on overexpression of ActRIB and remove unbound label, and cells are then split between ActRI could be due to these mRNAs not being transsamples for scintillation counting or for reaggregation lated. We have therefore made HA-tagged receptor conand analysis of gene activation ( Figure 1B) . Figure 1C struct versions of these two receptors and performed a shows an example of a binding experiment; the vast Western blot on embryos injected with 2 ng of these conmajority of the unbound counts are removed by the three structs. As shown in Figure 2B , both ActRI and ActRIB washes.
are translated effectively by Xenopus blastula cells. The presence of the proform of activin as seen in
We conclude that we can obtain increased ligand Figure 1A raises the question as to what form actually binding by overexpression of a single receptor and, binds to the cells. For our results to be meaningful, we moreover, that the binding characteristics determined need to ensure that all the counts we are measuring by our assay are in agreement with results published represent the binding of biologically active molecules.
previously for this class of receptor (Wrana et al., 1994) . To verify this we performed a binding assay and loaded the lysate of washed cells directly onto a protein gel under nonreducing ( Figure 1D , lanes 1-3) or reducing Activin Binds to Type II Receptors with High conditions ( Figure 1D , lanes 4-5). The starting activin Affinity and Long Occupancy preparation added to cells had a ratio of radioactivity If the ligand-receptor interaction is weak and of short of pro-to mature forms of 3 to 1 ( Figure 1D , lanes 1 duration, it is clear that the receptor occupancy meaand 4). However, the material bound to cells consisted sured after addition of activin might not be the same as almost entirely of the mature form ( Figure 1D , lanes 3 that sensed by cells 1-2 hr later. We have therefore and 5). In addition, the ratio of pro-to mature forms had determined the on-and off-times for activin binding to increased in the remaining supernatant ( Figure 1D , lane cells overexpressing the type II receptor. As shown in 2). We conclude that we are able to generate naturally Figure 3A , cells bind the ligand very rapidly when exlabeled activin protein of a very high specific activity posed to a high concentration of ligand ( Figure 3A , high) and have developed an assay where only biologically but relatively slowly when exposed to a lower concentraactive dimeric activin binds to embryonic cells. tion ( Figure 3A , low). This dose-dependent on-rate is It is important to appreciate that in nearly all of our experiments labeled activin is in excess in the sense reflected in time-dependent gene activation in response to activin ( Figure 3B ). As shown, at a low concentration Activin Receptors Are Not Significantly Internalized or Exchanged during of activin (0.5 l), the extent of Xbra induction is dependent on the length of the incubation time.
the Late Blastula Stage A complication affecting the interpretation of our results Once established, the receptor-ligand interaction is extremely stable ( Figure 3C ). Cells were bound with would exist if activin-receptor complexes are internalized. If this were the case, internalized ligand would be [ 35 S]activin for 10 min, washed three times, and then incubated in an excess of unlabeled competitor activin. scored in our assay as occupied receptors whether or not the activin-receptor complex was still signaling. Any [
35 S]activin that dissociates would be replaced by unlabeled activin. As shown in Figure 3C , 80% of the There are a number of other receptor systems where internalization has been observed (Koenig and Edwardligand is still bound after 2 hr and only after 5 hr has about two-thirds of the ligand dissociated. This is conson, 1997); for TGF␤, this has been reported only for a cultured mammalian cell line (Massague and Kelly, sistent with activin having a very high affinity for its receptor, as would be expected for a ligand that is bio-1986). Furthermore, the rapid internalization of many growth factor receptors via clathrin-coated pits has logically active in the picomolar range (Thomsen et al., 1990) .
been reported to require a Phe-Arg-X-Tyr signal sequence, which is not present in the sequence of ActRIIB Interestingly, the short on-time and long off-time provide an explanation for the previously described ratchet (Chen et al., 1990) . We sought to confirm that our results are not affected by internalization. Since it has been effect (Gurdon et al., 1995) . This showed that cells can rapidly alter their gene response from a low level (Xbraestablished that internalization of receptors is eliminated at low temperatures (Koenig and Edwardson, chyury [Xbra] ; , to a high level (Xgoosecoid [Xgsc]; Cho et al., 1991) , but not in the other direc-1997), we bound labeled activin to dissociated cells, washed away free activin, and then cultured the cells tion. This implies that cells respond to the highest concentration of the ligand that they experience during either at 21ЊC or at 4ЊC. As shown in Figure 4A , the number of bound counts was indistinguishable in the their window of competence. As more ligand becomes available to cells, they can fill unoccupied receptors, two series when tested after 2 hr. It is possible that the off-rate is different at 4ЊC and accounting for a switch to a higher type of gene expression. On the other hand, a reduction in activin concen-21ЊC. We have therefore checked for ligand internalization in another way. Low pH can be used to release tration would not vacate previously occupied receptors during the next two hours, when cells sense their surproteins bound to the cell surface, but it does not cause loss of cytoplasmic proteins (Koenig and Edwardson, rounding activin concentration, and no downward change in gene expression would take place.
1997). This allows us to determine the extent of activin cell surface. We have therefore determined the extent of cell lysis by using cells injected with the lineage marker GFP (Zernicka-Goetz et al., 1996) . Figure 4C shows that leakage of GFP from within cells does not take place in cells washed at pH 7.5 or pH 2.5 but is readily detectable in cells permeabilized by lysolecithin (Gurdon, 1976) . We therefore conclude that there is no appreciable ligand dissociation during the course of our experiments and that the cell-associated activin is a true measure of occupied receptors.
We also wanted to know if there was appreciable synthesis of new receptors during the course of our experiments. If a cell continually increases the number of receptors on its surface and if cells measure a ratio of filled to unfilled receptors, then our measurements of total receptor number at early time points might not apply at the time when cells establish their response. To determine whether cells transfer new receptors to the cell surface, we prebound cells with unlabeled activin for 10 min, washed the cells, and then challenged with [ 35 S]activin after 3, 10, and 30 min incubations ( Figure  4D ). We compared the result with cells which had been treated in the same way but had not been pretreated with competitor activin. As shown in Figure 4D , there is no increase with time in the binding of labeled activin to cells prebound with competitor as would have been expected if new receptors were being transported to the cell surface. We conclude that during the course of our experiments there is little or no net increase of receptors at the cell surface.
Increasing Occupancy of the Same Receptor Activates Different Genes
We are now in a position to ask the major question of whether increasing occupancy of a single receptor spe- ActRIIB was injected into 2-cell stage embryos. These were cultured until stage 9 when animal cap tissue was internalization. We therefore bound [ Half of the cells for each concentracounts would be removed by washing in pH 2.5 after tion point were counted for radioactivity, while the other 40 min than after washing immediately. As shown in half were reaggregated and cultured until stage 10.25, Figure 4B , this is not the case. The same number of when the cells were assayed for gene induction by an counts are removed by low pH washing after 3 and 40
RNase protection assay. Figure 5A shows that increasmin. Obviously, if the low pH washes lysed the cells, ing the concentration of radioactive activin leads to increasing occupancy of the ActRIIB receptor. This figure internalized activins might be scored as being on the ) with 1ϫ MBS (either pH 7.5 or pH 2.5). They were then photographed. Cells were made permeable by addition of lysolecithin (Gurdon, 1976 ). (D) There is no net increase in activin receptors on the cell surface. Dissociated cells were cultured in 5 l of unlabeled activin for 10 min. They were washed and challenged with 5 l of labeled activin for 5 min after 3, 10, or 30 min of incubation. The bound counts were compared to cells that had not been prebound with competitor.
also shows that at low concentrations of activin, binding
We have asked what proportion of a cell's receptors must be occupied for Xbra or Xgsc to be induced. To is linearly dependent on its concentration, but that at higher concentrations saturation of binding is seen.
determine this we needed to know the maximal or saturation level of ligand binding. From the Scatchard plot From this data a Scatchard plot can be generated ( Figure  5B ) as has been done for other ligands with Xenopus we can determine the saturation binding (intercept of the x-axis) to be 4750 cpm ( Figure 5B ). Assuming that cells (Gillespie et al., 1989; Marigo et al., 1996) .
To confirm that these binding data are consistent with the saturation of ligand binding occurs at full occupancy of the receptors, we are then able to calculate the perthe activin ligand binding only to the overexpressed ActRIIB receptor, we analyzed the data (Figures 5A and centage of total occupancy at which genes are activated. We calculate the occupancy at which Xbra and 5B) using the program Ligand (Munson and Rodbard, 1980) . This program is used to determine how many Xgsc are induced by expressing the bound counts per minute (cpm) (from Figure 5A ) at the concentration when classes of ligand binding affinity (receptor types) are present. It analyzes the data first by assuming ligand these genes are first expressed ( Figure 5C ) as a percentage of saturation binding (in this case, 4750 cpm). Rebinding to receptors of one affinity and then by assuming binding to two types of receptor sites of different affinity.
sults from different experiments were averaged, and as shown in Figure 5E , we see that Xbra and Xgsc are These results are then compared statistically using an F-test to see which model best fits the data. The data activated at extraordinarily low receptor occupancies of 0.3% and 0.8%, respectively, the switch in gene expresin Figure 5A can only be fitted to a model involving one class of receptor. The gel analysis in Figure 5C shows sion taking place between these two values. that increasing occupancy of ActRIIB also leads to the activation of different genes. As shown graphically in
Receptor Occupancy in Normal Cells
We now ask whether the conclusions drawn from cells Figure 5D , it is clear that at low occupancies Xbra is induced, whereas at higher occupancies Xgsc and overexpressing receptor IIB are also applicable to normal embryonic cells. To determine the number of receptor Xeomes are induced and Xbra is much reduced. We conclude that increasing occupancy of a classes involved in binding activin to uninjected cells, we have used the same approach as for receptor-injected single receptor can lead to a switch in gene expression. The gel analysis shows that at low concentrations Xbra is induced; at higher concentrations, Xgsc is induced and Xbra repressed. WE, whole embryo. (D) Induction of Xbra and Xgsc by activin is concentration-dependent. Quantitation of gel analysis shown in (C). (E) Xbra and Xgsc are induced, respectively, at an occupancy of 0.3% and 0.8% of the total receptors, determined as follows. Saturation binding corresponding to the maximum number of receptors was determined from (B) to be 4750 cpm. Induction of Xbra and Xgsc was deemed to have occured when each of these was clearly above background (0.05 l/100 l for Xbra and 0.15 l/100 l for Xgsc [C and D] ). The actual numbers of cpm bound at these concentrations was determined from a tabulated form of the data shown in (A). These numbers are expressed as a percentage of the saturation binding. (E) shows the values and standard deviations of the average of several such experiments.
cells. Increasing ligand concentration leads to increased
genes such as Xgsc and Xeomes ( Figure 6D ). By determining a maximal or saturation binding, we show first binding, again linearly at low concentration and with saturation at high concentrations ( Figure 6A ). The Scatchthat the occupancy at which low response genes such as Xbra are first induced is 2% and second that the ard plot ( Figure 6B ) indicates that activin binds to one receptor class. To confirm this we have again analyzed occupancy at which cells switch gene response and start to induce high-response genes such as Xgsc is the data using the program Ligand. As with receptorinjected cells, the data can only be fitted to a model 6% ( Figure 6E ). We conclude that normal cells using their endogenous receptors respond to a morphogen at involving one receptor binding class, which is of similar affinity to the binding class seen for receptor-overexa very low receptor occupancy (2%) and also that they can switch gene response with only a 3-fold increase pressing cells (ActRIIB). We conclude that normal (uninjected) cells bind activin by one class of receptor that in occupancy and at a very low level (6%). has an affinity similar to that of ActRIIB.
We are now able to ask at what occupancy of funcType I Receptors Do Not Affect Response to Activin tional receptors normal cells respond to activin and switch gene response. The experiment was performed Our results have shown that the abundance of Type II receptors is intimately involved in gene response to acin the same way as for receptor-injected cells ( Figure  5 ) and the results are shown in Figures 6C-6E . As with tivin concentration. Since type I receptors are required for activin signal transduction, and since constitutively receptor-injected cells, activin binds to cells in a concentration-dependent manner ( Figure 6A ) and saturation active type I receptors (ActRI and ActRIB) have different effects on gene induction (Armes and Smith, 1997) , we binding occurs at 1300 cpm ( Figure 6B ). The analysis of gene transcription is shown in Figure 6C . As was have tested whether overexpression of type I receptors influences the pattern of gene response to activin conshown before (Green and Smith, 1990; Green et al., 1992) , low-response genes such as Xbra and Xwnt8 centration. We therefore treated Xenopus animal caps previously injected with 2 ng of ActRI or ActRIB mRNA (Smith and Harland, 1991; Sokol et al., 1991 ) are induced at a lower activin concentration than high-response with increasing doses of activin. These were cultured until stage 10.25 and the induction of marker genes mediating the downstream effects of activin signaling, do not affect the response to activin concentration. determined. As shown in Figure 7 , there is no effect of overexpressing of either wild-type type I or type IB receptors on the response to activin compared to uninThe Absolute Numbers of Receptors and Ligands jected cells. We conclude that type I receptors, although Required to Induce Xbra and Xgsc It is known that the concentration of activin required to induce a suspension of Xenopus blastula cells to express Xbra and Xgsc is in the range of 20-50 pM (Green et al., 1992) . However, this does not tell us the number of molecules of activin that need to be bound to a cell for these responses. Nor is it at all clear that a 2-fold difference in activin concentration in the medium corresponds to only a 2-fold difference in number of occupied receptors. We can now determine from our experimental results the actual number of molecules bound to cell surface receptors when different gene responses are elicited. To do this, we need to know the specific activity weight of dimeric activin, we can calculate the cpm/ Cells Detect Absolute, Not Relative, Occupancy of Receptors molecule ( Figure 8A ). We have determined the number of cells in a stage 9 Xenopus animal cap to be 6,000 by Figure 8B explains two ideas of how cells could perceive a change in morphogen concentration. One is that cells counting cells and from published DNA values (Dawid, 1965) . From our values for saturation binding (Figures sense a ratio of occupied to unoccupied receptors. This mechanism could be achieved if, for example, unoccu-5B and 6B), we calculate the number of receptors per cell to be 5,000 (Table I) , a value within the normal range pied receptors have a phosphatase activity and occupied receptors a kinase activity. A switch in intracellular for other receptors of other cells (e.g., Koenig and Edwardson, 1996) . This value is increased by 7-fold to activity could be readily envisaged as change from below to above 50% receptor occupancy. Furthermore, a 38,000 on receptor-injected cells. Using the occupancies for gene inductions calculated in Figures 5 and 6 , ratio mechanism of detection could also operate at much lower levels than 50% if the kinase activity of an we show that the actual number of molecules needed for induction is 100 for Xbra and 300 for Xgsc ( Figure  occupied receptor exceeded the opposite activity of an unoccupied receptor; consider, for example, inhibitory 8A). To confirm this result, we have repeated our analysis for cells overexpressing both 0.2 and 0.5 ng of ActRIIB.
versus activatory SMADs (Hayashi et al., 1997; Nakao et al., 1997) . An alternative idea is that cells can count As would be expected, these cells have 10,000 and 21,000 receptors, respectively, and induce Xbra at 0.9% the absolute number of occupied receptors, sensing as little as a 2-to 3-fold increase. and 0.5% and Xgsc at 2.8% and 1.3% receptor occupancies, respectively ( Figure 8A ). We conclude that only These two ideas can be distinguished experimentally by comparing the receptor occupancy at which genes 100 molecules of activin need to be bound to a single normal cell for that cell to begin to induce Xbra. When are activated in normal and receptor-injected cells (Figure 8B ). In the latter, the large excess of receptors gener-300 molecules of activin are bound, the cell switches response and begins to transcribe Xgsc, Xeomes, and ated by mRNA injection will increase the ratio of unoccupied to occupied receptors when the ligand is limiting. other genes.
According to the ratio model, cells will require 2% of decrease, as during cell division. The ratchet effect, as we have pointed out, would operate by the very high their receptors to be occupied to induce Xbra and 6% to induce Xgsc, and this will be true in normal cells as affinity of ligand for its receptors. Second, if cells were to respond at high occupancy but still measure the absowell as in cells overexpressing receptor. Therefore, the actual number of bound ligands needed to induce these lute numbers of occupied receptors, there could be some inconsistency of response due to titration of type genes will have to increase in proportion to the increase in receptor number to ensure that the appropriate ratios I receptors. Under these conditions, the ligand type II receptor complexes first formed would see a much of occupied to unoccupied receptors are maintained ( Figure 8C) . Conversely, the absolute occupancy model higher concentration of type I receptors than subsequent complexes. We would then predict that overexmakes an entirely different prediction. The prediction is that the number of receptors that need to be occupied to pression of Type I receptors would change response to activin concentration. Our results ( Figure 7B ) show that activate a particular gene will remain constant, however many more receptors are present on cells ( Figure 8D ).
this is not the case. We conclude that at the very low occupancies seen both type I and type II receptors are It is clear that our results are incompatible with the ratio model ( Figure 8C ) and are entirely in agreement with the in such excess that the few receptors actually used for signaling do not significantly reduce the overall pool of absolute occupancy model ( Figure 8D ). available receptors, and so increased occupancy can be directly reflected in increased signaling.
Discussion
The mechanism we propose can explain an apparent paradox. On the one hand, the ligand must be limiting How cells interpret their position in a morphogen gradiin order to account for the concentration-dependent ent is not understood at the level of cell surface recepresponses that are observed. On the other hand, the tors. Most of what we know has come from two types ligand must be in excess to be able to create a concenof analysis. A large number of studies has measured tration gradient in distant cells. If this were not the case, the binding and affinities of signaling molecules for their most if not all the ligand would be sequestered by cells receptors. For example, using transfected or overexnearest the source, as may happen in the case of Hedgepressed receptors and labeled ligand, it has been shown hog (Chen and Struhl, 1996) . We explain this paradox that Patched binds Hedgehog (Marigo et al., 1996) , and in the following way. We have shown that cells can biacore measurements have determined ligand-receprespond when very low levels of ligand are bound (100-tor affinities in vitro (e.g., for BMP-4 [Natsume et al., 300 molecules) . This means that only a small proportion 1997]). The other type of investigation has analyzed the of the ligand in the intercellular space needs to be bound effects of receptor mutations (Furriols et al., 1996) or by receptors within the time available. In this way, cells constitutively active receptors (Nellen et al., 1996;  Armes are able to generate a concentration-dependent reand Smith, 1997) . In the present study, we have directly sponse without significantly reducing the concentration related receptor occupancy to gene activation as a reof ligand around them and therefore without disturbing sponse to the concentration-dependent effects of a the gradient. morphogen. We use the results to present a model of These special characteristics of high-affinity recephow cells interpret their position in a morphogen grators, low absolute ligand concentration, low receptor dient.
occupancy, and a ratchet mechanism of response may be especially suitable for embryos that need to elicit Gradient Interpretation concentration-dependent responses to changing ligand An unexpected result is that cells sense morphogen concentration over a short time scale. By comparison, concentration and switch gene response when a re-T cells respond to about 8000 bound ligands at up to markably small proportion of their receptors (2%-6%) 100% receptor occupancy (Rothenberg, 1996 ; Viola and is occupied by ligand. However, this seems to us very Lanzavecchia, 1996) . understandable if we envisage cells' interpretation of a morphogen gradient in the following way. We suppose Postreceptor Signaling that cells in one region of an embryo actively secrete Future work will analyze the regulation of events that morphogen for a few hours, during which time the confollow different levels of receptor occupancy and differcentration increases. After this, cells discontinue emitent strengths of type I activin receptor signaling. At ting morphogen, and its concentration will decrease. present there are many uncertainties. Different kinds We believe that responsive cells monitor morphogen of type I receptor may be involved in several different concentration continuously and respond by a ratchet signaling pathways (Chang et al., 1997) . Activin signaling mechanism to the highest concentration that they expeis thought to be transduced by Smad2 and Smad4 (Graff rience within their competent life. et al., 1996) but inhibited by Smad7 (Hayashi et al., 1997; This proposed mechanism has several advantages for Nakao et al., 1997) . Overexpression of Smad2 seems to early development. First, we have shown that cells can lead to activation of Xgsc at a higher Smad2 concentrabind ligand and respond rapidly to the morphogen and tion than Xbra but permits coexpression of both genes do not therefore need to wait for it to reach equilibrium. (Graff et al., 1996) . Since this is not the case with activin, Through the ratchet effect, cells would always respond it appears that the transduction of the activin signal is to the highest concentration that they experience within more complex than merely a concentration-dependent the few hours of their competent life even when the activation of Smad2, a matter under current investigation. This suggests that other intracellular molecules number of occupied receptors per cell might temporarily early Xenopus development but do not co-operate to establish may be involved. Eventually, the strength of receptor thresholds. Development 124, signaling must be related to the occupation of activin Chang, C., Wilson, P.A., Mathews, L.S., and Hemmati-Brivanlou, A. response elements in the promoters of activin-respon- (1997) . A Xenopus type I activin receptor mediates mesodermal but sive genes. A number of different elements of this kind not neural specification during embryogenesis. Development 124, have so far been identified (Watabe et al., 1995; Chen 827-837. et al., 1996) . A knowledge of these elements together Chen, Y., and Struhl, G. (1996) . Dual roles for patched in sequestering with the results presented here should provide a full and transducing Hedgehog. Cell 87, [553] [554] [555] [556] [557] [558] [559] [560] [561] [562] [563] understanding of how cells respond to their position in Chen, W.J., Goldstein, J.L., and Brown, M.S. (1990) . NPXY, a sea morphogen gradient, from the binding of ligand on the quence often found in cytoplasmic tails, is required for coated pitmediated internalization of the low density lipoprotein receptor. J. cell surface to gene activation in the nucleus.
